Introduction {#Sec1}
============

Cognitive impairment (CI) occurs in up to 70% of multiple sclerosis (MS) patients. Neurocognitive dysfunction involves all of the subtypes of MS and is even found in the early stages of MS and clinically isolated syndromes^[@CR1],[@CR2]^. Cognitive disturbances in MS patients have a negative impact on the lives of MS patients and the lives of their families. CI is often the leading predictor of occupational disability in MS patients, even when the physical disability is quite low^[@CR3]--[@CR5]^. CI occurring in the early stages of the disease predicts disability progression and earlier conversion to secondary progressive MS (SPMS) in newly diagnosed relapsing remitting MS (RRMS) patients^[@CR6],[@CR7]^.

Despite the high prevalence of CI in MS patients, the importance of CI and its negative influence on patient's employment, disability and prognosis, the cognitive assessment and follow-up of cognitive status are not performed regularly. In recent decades, the assessment of cognitive decline related to MS has received increasing attention. Many different neuropsychological batteries have been proposed. The first and the most frequently used batteries were the Brief Repeatable Battery of Neuropsychological tests (BRB-N)^[@CR8]^ and Minimal Assessment of Cognitive Function in MS (MACFIMS)^[@CR9]^. While both batteries are highly specific for the evaluation of CI in MS patients, their implementation in everyday clinical practice remains limited due to their high time demand and the need for surveillance and an interpretation by professional neuropsychologists. Therefore, considerable efforts have been made over the past decade to create a simpler but specialized neuropsychological instrument for the assessment of CI in MS patients. The result was the Brief International Cognitive Assessment for Multiple Sclerosis (BICAMS) battery^[@CR10],[@CR11]^. BICAMS is a short and highly sensitive assessment battery; it is easily administered, does not require any special equipment or training, and may be conveniently used in everyday clinical practice^[@CR10]--[@CR12]^. Despite its simplicity, BICAMS is not readily available in most countries, although it is widely recognized that the assessment and follow-up of cognitive status, as well as treatment (in case of deterioration), should be as much a priority as the evaluation and treatment of physical disability in MS patients^[@CR10],[@CR11]^.

Studying cognition during MS relapses is another hotly debated issue. Usually, MS relapses are diagnosed by a neurological examination and quantified with the Expanded Disability Status Scale (EDSS)^[@CR13]^. EDSS is quite sensitive for assessing the patient's ability to move and remains the gold-standard measure for assessing the level of disability^[@CR13],[@CR14]^. However, EDSS is insensitive to the patient's cognitive abilities and does not predict an accumulated cognitive disability^[@CR13]--[@CR15]^. Cognition might also be affected, and so-called cognitive relapses are hypothesized to occur during MS relapse^[@CR16]--[@CR19]^. It seems that the main cause of the deterioration in cognition is not usually detected, possibly due to the lack of appropriate assessment tools and the absence of routine and baseline assessments. From the clinical and scientific points of view, it is useful to examine the neurocognitive status along and with other aspects of neurological disability during MS relapse and to enhance the understanding of the clinically meaningful changes in cognition outcomes that may occur as a result of neurological worsening or response to treatment.

The aims of the study were (a) to assess the cognitive status according to BICAMS of MS patients during disease relapse, of stable MS patients, and of healthy controls; (b) to detect significant cognitive changes up to 3-months after relapse; and (c) to estimate the impact of different demographic, clinical and immunological factors on the cognition after relapse.

Results {#Sec2}
=======

A total of 120 subjects were included in the study: 90 patients with clinically definite MS (60 relapsing (MSr) and 30 stable (MSs)) and 30 healthy control subjects (CG). All three groups were matched in demographic characteristics (Table [1](#Tab1){ref-type="table"}).Table 1Demographic characteristics of MS patients and controls.MSr patientsMSs patientsCGTestNumber of subjects, N603030---Gender\
Men/Women, N21/3913/1712/18χ^2^ = 0.635\
p = 0.728Age (years)\
Mean ± SD (range)38.43 ± 9.6 (18--61)37.47 ± 10.3 (22--59)37.63 ± 9.5 (24--56)ANOVA\
F = 0.13 p = 0.883Education (years)\
Mean ± SD14.80 ± 2.314.88 ± 2.815.42 ± 1.8ANOVA F = 0.877 p = 0.419MSr -- relapsing MS patients, MSs -- stable MS patients, CG -- control group.

The MSr and MSs groups were matched for disease characteristics: disease duration, level of disability (assessed 3 months before and 3 month after relapse/baseline), mean number of exacerbations, period of remission and duration of immunomodulatory treatment (Table [2](#Tab2){ref-type="table"}).Table 2Clinical characteristics of MS patients.MSr patientsMSs patientsp\*Number of subjects, N6030---Duration of the disease (years)\
Mean ± SD8.94 ± 7.28.30 ± 7.50.697EDSS (in MSr during the 3^rd^ month before the relapse)3.59 ± 1.3 (N = 49\*\*)3.25 ± 1.190.243EDSS (in MSr during the 3^rd^ month after the relapse)3.78 ± 1.263.25 ± 1.190.061The mean number of exacerbations4.82 ± 3.33.83 ± 2.40.108The period of remission (months)\
CI \[lower-upper limit\]23.22 ± 23.80\
\[17.07--29.37\]30.2 ± 29.18\
\[19.31--41.10\]0.228The duration of immuno-modulatory therapy (years)\
CI \[lower-upper limit\]3.40 ± 3.42\
\[2.49--4.31\]3.33 ± 3.41\
\[2.06--4.61\]0.931MSr -- relapsing MS patients, MSs -- stable MS patients, EDSS -- Expanded Disability Status Scale, CI -- confidence interval.\*Student t-test.\*\*It was possible to assess the EDSS score retrospectively in 49 relapsing MS patients.

Twenty-nine (48.3%) MSr patients were treated with intravenous methylprednisolone, 6 (10.0%) with plasma exchange and 25 (41.7%) with methylprednisolone and plasma exchange. Forty three patients (71.6%) were treated with methylprednisolone over a period of 3 days, 6 patients (10.0%) over a period of 4 days, 4 patients (6.7%) over a period of 5 days and 1 patient (1.7%) over a period of 6 days. Thirty-seven (61.7%) patients received rehabilitation after the relapse treatment, and 23 (38.3%) did not.

Longer durations of relapse (the period from the first neurological symptoms until the relapse treatment) were significantly associated with older age (r = 0.296, p = 0.022) and lower education (r = −0.260, p = 0.045). The longer the duration of relapse, the higher the disability increase (r = 0.287, p = 0.045) and, after relapse treatment, the less the EDSS score change (r = −0.320, p = 0.013).

A total of 240 tests were performed with BICAMS: relapsing MS patients were tested three times (during relapse and one and three months after relapse) and stable MS patients and CG were tested once. The mean scores of all three BICAMS tests (SDMT, BVMT-R and CVLT-II) and CVLT-II-delayed recall were compared between MSr, MSs and CG. The scores were significantly lower in MS patients (relapsing and stable) than in CG. The most affected cognitive domain in relapsing MS patients was verbal learning: the mean CVLT-II score was 14.95 points lower in relapsing MS patients than in CG. Less affected were the information processing speed and visuospatial learning and memory: the mean scores in relapsing MS patients were, respectively, 13.65 and 6.46 points lower than those in CG. The mean SDMT score was lower by 6.42 points in relapsing MS patients than in stable MS patients. However, no significant difference was found in the mean score of BVMT-R, CVLT-II or CVLT-II delayed recall between relapsing and stable MS patients (Table [3](#Tab3){ref-type="table"}).Table 3Mean scores of BICAMS tests in MS patients and controls.TestMSr group\
(N = 60)MSs group\
(N = 30)CG\
(N = 30)ANOVAPost-hocSDMT40.18 ± 11.4246.60 ± 11.5453.83 ± 8.91F = 16.07; p \< 0.001CG \> MSs \> MSr^\*^BVMT-R\
(0--36)22.57 ± 6.0725.23 ± 5.6629.03 ± 4.22F = 13.63; p \< 0.001CG \> MSs,MSr\
MSs = MSr^\*^CVLT-II\
(0--80)52.02 ± 9.6154.80 ± 9.4066.97 ± 4.68F = 30.99; p \< 0.001CG \> MSs,MSr\
MSs = MSr^\*\*^CVLT-II delayed recall\
(0--16)12.23 ± 2.6612.80 ± 3.1215.40 ± 0.72F = 16.86; p \< 0.001CG \> MSs, MSr\
MSs = MSr^\*\*^BICAMS - Brief International Cognitive Assessment for MS, MSr -- relapsing MS patients, MSs -- stable MS patients, CG -- control group, SDMT - Symbol Digit Modalities Test, BVMT-R -- Brief Visuospatial Memory Test-Revised, CVLT-II -- California verbal learning test, II ed.ANOVA -- one-way analysis of variance.^\*^Bonferroni test was used for post- hoc analysis.^\*\*^Tamhane test was used for post -hoc analysis.

After comparing the mean results of BICAMS in MS patients and CG, the mean scores during relapse and at one and three months after relapse were compared in relapsing MS patients. The mean scores of all three BICAMS tests were significantly higher one month after relapse than during relapse: the mean score of SDMT was higher by 6.02 ± 6.14 points, BVMT-R by 3.73 ± 4.93 points, CVLT-II by 6.43 ± 6.00 points and CVLT-II delayed recall by 1.48 ± 1.94 points one month after relapse than during relapse. The mean score of CVLT-II was significantly higher by 2.12 points three months than one month after relapse. There was no significant difference in the result of SDMT or BVMT-R assessed three vs. one month after relapse in relapsing MS patients (Table [4](#Tab4){ref-type="table"}).Table 4Mean scores of BICAMS tests during and after MS relapse.TestMSr group during relapse (MSr1) (N = 60)MSr group\
1 month after relapse (MSr2) (N = 60)MSr group\
3 months after relapse (MSr3) (N = 60)ANOVAPost hocSDMT40.18 ± 11.4246.20 ± 12.2846.62 ± 10.96F = 43.08;\
p \< 0.001^\*^MSr1 \< MSr2,MSr3\
MSr2 = MSr3BVMT-R\
(0--36)22.57 ± 6.0726.30 ± 4.5626.93 ± 4.62F = 34.73;\
p \< 0.001^\*^MSr1 \< MSr2,MSr3\
MSr2 = MSr3CVLT-II\
(0--80)52.02 ± 9.6158.45 ± 8.3660.57 ± 9.59F = 65.87;\
p \< 0.001MSr1 \< MSr2 \< MSr3CVLT-II delayed recall\
(0--16)12.23 ± 2.6613.72 ± 2.2213.98 ± 2.04F = 33.84;\
p \< 0.001^\*^MSr1 \< MSr2,MSr3\
MSr2 = MSr3MSr1 -- relapsing MS patients during relapse, MSr2 -- relapsing MS patients one month after relapse, MSr3 -- relapsing MS patients three months after relapse, SDMT -- Symbol Digit Modalities Test, BVMT-R -- Brief Visuospatial Memory Test-Revised, CVLT-II -- California verbal learning test, II ed.^\*^Repeated-measures analysis of variance (rmANOVA) with Greenhouse-Geisser correction for violation of sphericity was used.

To assess the impact of different demographic, clinical and immunological factors on cognition after relapse, the differences between the BICAMS test results from relapse to one or three months later were calculated. Thus, the new measures were SDMT(1-R), SDMT(3-R), BVMT-R(1-R), BVMT-R(3-R), CVLT-II(1-R) and CVLT-II(3-R). Linear regression was used to assess and explain the relationship between each new cognitive parameter and the different independent cognitive and non-cognitive factors (demographic, clinical and immunological): age, gender, education, working status, course of the disease, duration of the disease, EDSS score before the relapse, EDSS scores during and after relapse, deterioration of the EDSS score before relapse and improvement after relapse, duration of relapse, treatment for relapse (methylprednisolone/plasmapheresis/rehabilitation), time to the initiation of immunomodulatory treatment after relapse, duration of the immunomodulatory therapy, biological activity of interferon-beta, relapse rate, and duration of remission before relapse. Linear regression was used. Significant independent variables (p \< 0.05) were included in the models (Table [5](#Tab5){ref-type="table"}).Table 5Regression models predicting cognitive changes after MS relapse.Dependent variableRegression modelsR^2^P (R^2^; coefficients)SDMT(3-R)11.72 − 0.29 × SDMT-R + 0.61 × education − 0.12 × age0.243\<0.001SDMT(3-R)7.06 − 2.98 × EDSS(S-R) − 0.12 × SDMT-R0.311\<0.001SDMT(3-R)5.61 + 3.09 × EDSS-R − 2.79 × EDSS-S − 0.12 × SDMT-R0.306\<0.001SDMT(3-R)18.27 − 4.12 × IMG-R − 0.16 × SDMT-R0.153=0.042BVMT-R(1-R)23.77− 0.52 × BVMT-R-R − 3.1 × gender − 2.2 × rehabilitation0.563\<0.001BVMT-R(3-R)20.98 − 0.54 × BVMT-R-R − 3.98 × methylprednisolone0.483\<0.001BVMT-R(3-R)24.87 − 0.67 × BVMT-R-R − 3.01 × biological activity of IFN-beta0.755\<0.001CVLT-II(1-R)15.49 − 0.27 × CVLT-II-R + 1.99 × gender0.286\<0.001CVLT-II(3-R)30.40 − 0.37 × CVLT-II -R − 0.46 × duration of the relapse0.292\<0.001R^2^- coefficient of determination, SDMT(3-R) -- the difference in SDMT results between three months and relapse, SDMT-R -- SDMT result during relapse, EDSS(S-R) -- deterioration in EDSS score (from the remission up to the relapse), EDSS-R -- EDSS score during relapse, EDSS-S -- EDSS score during the remission (three months before relapse), IMG-R -- initiation of immunomodulatory therapy during the first month after relapse, BVMT-R(1-R) -- difference in the BVMT-R results between one month and relapse, BVMT-R-R - BVMT-R result during relapse, BVMT-R(3-R) -- difference in the BVMT-R results between three months and relapse, CVLT-II(1-R) -- difference in the CVLT-II results between one month and relapse, CVLT-II-R -- the CVLT-II result during relapse, CVLT-II(3-R) -- difference in the CVLT-II results between three months and relapse.

In all models, some of the most important variables were the results of the BICAMS test during relapse: SDMT-R, BVMT-R-R or CVLT-II-R. The difference in BVMT-R after relapse significantly improved in men, while the difference in CVLT-II significantly improved in women. Gender had no significant impact on the SDMT test results. However, the SDMT score improved in younger patients with a higher level of education. SDMT was the only test for which the results were impacted by the EDSS score during the relapse and remission periods or the mean EDSS deterioration (the difference in the EDSS score from remission and relapse). The treatment options and treatment-related indicators had an impact on the difference in the BVMT-R score after relapse: better improvement was found in patients treated with methylprednisolone, but not with plasma exchange; in patients who had biologically active interferon-beta, and in patients who were rehabilitated after relapse, while a higher difference of the CVLT-II was estimated in patients with shorter relapse (or earlier treatment of relapse).

Discussion {#Sec3}
==========

Impaired cognition has a negative impact on the quality of life of MS patient. However, in clinical practice, cognitive impairment is often underestimated. A physical disability is obvious during disease relapse, and it seems that deterioration in cognitive status can also occur^[@CR16]--[@CR18]^. Most likely, the main difficulty in the assessment of cognition during relapse is the lack of suitable and sensitive assessment methods of cognition. Additionally, the absence of routine and baseline assessments in routine clinical practice complicate the further evaluation and detection of cognition deterioration during relapse. EDSS is a sensitive and suitable assessment tool of the physical status and physical disability in MS patients but is quite insensitive for assessing cognition. The BICAMS battery was suggested to be an optimal, reliable and sensitive assessment tool for performing a quick cognitive evaluation in MS patients^[@CR10],[@CR11]^, and it has been used by many researchers^[@CR20]--[@CR25]^. We decided to assess cognition during MS relapse and to measure its changes after relapse with BICAMS. This study is the first to assess cognition with BICAMS not only in relapsing MS patients but also in stable MS patients and healthy controls. Relapses were established by EDSS, and the specific non-cognitive symptoms that could compromise the cognitive assessment, such as optic neuritis, severe paresis or ataxia, fatigue, depression and other comorbidities, were excluded. The validity and reliability of the Lithuanian version of the BICAMS battery have been shown in our previous article^[@CR23]^.

The results of the current study reveal that the mean scores of all of the BICAMS tests in MS patients were similar to our previous results: the SDMT, BVMT-R and CVLT-II results were worse in MS patients, both relapsing and stable, than in healthy controls^[@CR23]^. Only the score of SDMT, which reflects the information processing speed, was worse in relapsing MS patients than in stable MS patients. Our study confirms the results of earlier publication^[@CR16]^. In the study of Benedict *et al*., which assessed the SDMT, BVMT-R and PASAT tests during relapse, only the SDMT score was significantly lower in relapsing MS patients than in stable MS patients and the SDMT score between two assessments, before relapse and during the 3^rd^ month after relapse, did not differ^[@CR16]^. In our study, the results of visuospatial and verbal memory tests, as in their study^[@CR16]^, did not significantly differ between relapsing and stable MS patients. Our and other data^[@CR26]--[@CR28]^ confirm that SDMT is useful in neuropsychological MS research. In contrast to other cognition tests, SDMT has excellent test--retest reliability, is more sensitive to MS cognitive disorder, and correlates well with MRI parameters, such as lesion burden and atrophy^[@CR26]--[@CR28]^. The SDMT findings suggest that of all of the BICAMS tests, SDMT may be the most suitable to identify MS patients who experience cognitive relapse.

Assessing the results after relapse, we found that the results of all of the tests were significantly higher at one month after relapse than during relapse and that the results of only the verbal memory test were significantly higher at three months after relapse than after one month. It seems that improvements in information processing speed, visuospatial memory, and verbal memory can occur in MS patients during the first month after relapse. Nevertheless, an improvement of verbal memory was observed up to three months after relapse. Of course, it cannot be denied that an improvement of the CVLT-II score at three months was found due to the learning effect, as mentioned before; the same, recommended worldwide version of the test was used during relapse and three months after the treatment.

Summing the BICAMS results in relapsing MS patients, the more impaired scores of SDMT during relapse and the improvement after relapse indicate that this test is the most useful metric associated with functional cognitive decrement during relapse.

Analysis of the measures that impacted the cognition improvement after relapse showed that the most important factor was the severity of cognitive impairment during relapse. It seems that the more severe the impairment of any one cognitive domain during relapse, the higher the expected improvement after relapse, especially one month after relapse. Most likely, greater improvement in cognitive scores occurred in patients who had impaired cognition during relapse. Patients who did not experience any cognitive impairment during relapse did not demonstrate an improvement in cognitive scores above their individual norm. These data suggest that actual changes in cognition during relapse and so-called cognitive relapses actually exist. Another important factor affecting cognition was gender. We found a greater improvement of visuospatial memory in men and of verbal memory in women. The differences in the individual cognitive domains between men and women in our study reinforce the possible cognitive differences that were described by other authors: it seems that men may have advantages in visual memory tasks and disadvantages in verbal memory compared to women^[@CR29]--[@CR34]^.

In our research, the information processing speed was the only cognitive domain that was not related to gender. However, it was the only measure by which higher scores were associated with higher education and younger age. Our results are in line with other studies that demonstrated that SDMT is the most robust cognitive test that is influenced by demographic variables, such as age, education, and employment^[@CR35]--[@CR37]^. The most important clinical factor that affected the improvement of the SDMT score was the EDSS score: the more severe the relapse (higher difference in EDSS score between remission and relapse) and greater the disability before relapse, the lower the improvement of the SDMT score after relapse. In contrast to demographic variables, the relationships between physical and cognitive disability assessed with EDSS and SDMT are not well investigated. Many studies have shown a significant correlation between EDSS and cognitive impairment (not including BICAMS)^[@CR38]--[@CR40]^, but it seems that this association reflects a greater cognitive impairment in MS patients with a longer disease duration than disability severity. However, some publications have shown a consistent correlation between SDMT and EDSS. These data show that SDMT has a more robust relationship with physical disability than BVMT-R and CVLT-II^[@CR38]--[@CR41]^.

Conversely from SDMT, physical disability had no impact on the BVMT-R or CVLT-II score. However, a greater improvement of visuospatial memory after relapse treatment was found in patients treated with methylprednisolone (not plasma exchange) and in rehabilitated patients, while CVLT-II was more improved in patients with shorter relapse or who received an earlier relapse treatment. The favourable effects of methylprednisolone on the physical disability and MRI parameters, as well as those of an earlier relapse treatment with steroids, are well known. However, the changes in cognition and its different domains after a short methylprednisolone course and in patients with different durations of relapse are not studied enough in MS patients. The better improvement of visuospatial memory after treatment with steroids and the better improvement of verbal memory in patients who received an earlier relapse treatment might indirectly confirm that the impairment of visuospatial and verbal memory can occur during relapse, and, like physical disability, improvement in these cognitive domains is sensitive to treatment with steroids and to earlier treatment. The positive impact of cognitive rehabilitation, contrary to a specific relapse treatment in MS patients, is well known and was described long ago. However, there are limited data on the impact of specific relapse treatments on the impairment of distinct cognitive functions. It is difficult to explain why the visual memory in our study was more sensitive to rehabilitation than the information processing speed and verbal memory. Rehabilitation after MS relapse can improve the BVMT-R and visual memory performance.

Conclusions {#Sec4}
===========

BICAMS was able to detect impairments of the information processing speed during MS relapse. The most significant improvement of cognition was established during the first month after relapse treatment. Various clinical and non-clinical factors impacted the improvement of the BICAMS results after relapse. The main demographic factors that impacted the SDMT score were education and age, while the BVMT-R and CVLT-II scores were influenced by gender. The most important clinical factors were EDSS, which had an impact on the SDMT score; treatment with methylprednisolone, rehabilitation and active interferon-beta, which affected the BVMT-R score; and duration of relapse, which influenced the CVLT-II score. Neuropsychological assessment, like physical disability assessment, is important during relapse. BICAMS may be suitable for quick and effective assessment of cognition during relapse.

Methods {#Sec5}
=======

The study was performed at the Multiple Sclerosis Center of the Vilnius University Hospital Santaros Klinikos. The study protocol was approved by Vilnius Regional Biomedical Research Ethics Committee (Approval No. 158200-13-644-191). All methods were performed in accordance with the relevant guidelines and regulations. Written informed consent was obtained from all participants before inclusion in the study.

Participants {#Sec6}
------------

We enrolled 120 subjects in the prospective follow-up study: 60 relapsing MS patients (MSr), 30 stable MS patients (MSs) and 30 healthy controls (control group, CG). Relapsing MS patients were assessed during relapse and one and three months after relapse. All MS patients were diagnosed with Multiple sclerosis according to the revised McDonald 2010 criteria in usual clinical practice settings by a neurologist of Vilnius Multiple Sclerosis Center. Relapses in MS patients were diagnosed when new neurological symptoms occurred over a minimum of 24 hours and in the absence of a systemic trigger^[@CR42]^.

All three groups were well matched for age, gender and years of education. Stable MS patients had no MS relapse for at least 3 months before the enrolment. The first symptoms of relapse in relapsing MS patients were separated from the previous relapse by at least 3 months.

The inclusion criteria for all MS patients were:Male or female patients older than 18 years of age;Diagnosis of Multiple Sclerosis according to the 2010 Revised McDonald criteria;Relapsing--remitting course of the disease;No assessment with BICAMS in the past;No cognition-influencing medication (e.g., antidepressants, neuroleptics, anticholinergic drugs) for at least 1 month prior to the enrolment and during the study;Stable and relapsing MS patients had no MS relapse at least 3 months before the assessment;All MS patients were steroids and/or plasmapheresis-free for at least 3 months preceding the enrolment.The exclusion criteria for MS patients were:Any neurologic or psychiatric disorders that could affect cognitive functions;History of clinically significant CNS disease (e.g., stroke, traumatic brain or spinal injury) or neurological disorder that could mimic MS;Moderate or severe fatigue, anxiety or depression;Neurological signs that could interfere with the cognitive performance (e.g., optic neuritis, upper dominant extremity weakness or sever ataxia);Unwillingness to cooperate or comply with neuropsychological assessment.

The CG included healthy persons with no history of any cognitive dysfunction, with sight and hearing sufficient for compliance with the study assessment.

Neurological and comorbidity assessment {#Sec7}
---------------------------------------

Neurological assessment was performed in all MS patients. Neurological disability was assessed with EDSS. MS relapses were recognised in the cases of worsening or new neurological symptoms appearance that lasted for at least 24 hours^[@CR42]^. Fatigue was assessed with the Fatigue Severity Scale^[@CR43]^, depression with the Hospital Anxiety and Depression Scale^[@CR44]^. Cut-off points of 4/9 and 12/21 were identified as indicative of possible fatigue and depression, respectively, and these patients were excluded. To estimate the severity of the relapse, the EDSS score in relapsing MS patients was collected from the medical records during the last visit to the centre that was performed not more than 3 months before the baseline assessment. It was possible to assess the EDSS score retrospectively in 49 relapsing MS patients. The duration of the relapse was considered as the period from the first neurological symptom appearance until the relapse treatment.

Neuropsychological assessment with BICAMS {#Sec8}
-----------------------------------------

All subjects were assessed by the same person and in the same assessment room. Relapsing MS patients were examined during the relapse and one and three months after relapse. The visits were performed within the allowed visit window of ±3 days. Assessment during relapse was performed before the relapse treatment. The relapses were treated by the treating physician according to the standard clinical practice and clinical situation: steroids and/or plasmapheresis was given for the treatment. The cognition-evaluating physician had no influence on the relapse treatment options.

All subject were examined with BICAMS in the same sequence^[@CR10],[@CR11]^:The Symbol Digit Modalities Test (SDMT);The Brief Visuospatial Memory Test Revised (BVMT-R), first 3 recall trials;The California Verbal Learning Test, second edition (CVLT-II), first 5 trials. The Lithuanian version of CVLT-II was used for the assessment.

The different versions of BVMT-R were used during relapse and at one and three months. The first available and recommended version of CVLT-II was used during relapse, the second one at one month after relapse, and the first one was repeated at three months (Fig. [1](#Fig1){ref-type="fig"}). Four relapsing MS patients were not included in the final data analysis due to the inability to come to the scheduled visits.Figure 1Study design and timeline of the assessments. MS - multiple sclerosis, mth(s) -- months, EDSS -- Expanded Disability Status Scale, SDMT -- Symbol Digit Modalities Test, BVMT-R - Brief Visuospatial Memory Test-Revised, CVLT-II -- California verbal learning test, II ed.

Immunomodulatory treatment and immunological assessment of interferon-beta activity {#Sec9}
-----------------------------------------------------------------------------------

The patients received and continued their immunomodulatory treatment according to the clinical situation and to the treatment guidelines established by the Lithuanian Ministry of Health (order No. V-1129). In patients who were treated with interferon-beta for at least 1.5 years, the biological activity of interferon-beta was assessed by measuring the marker of interferon-beta activity, myxovirus resistance protein A (MxA). MxA mRNA expression \<0.586 before interferon-beta injection and \<3.84 after INF-beta injection were considered negative. Biological responders, poor biological responders, and biological non-responders were defined based on the absolute values of their MxA expression/induction indicators regarding those 2 cut-off values, which were established before the study. Biological responders were defined as the patients whose MxA expression values were above both threshold levels. In case only 1 threshold was reached, a patient was assigned to the group of poor biological responders. If neither of the 2 thresholds was reached, a patient was defined as a biological non-responder^[@CR45]--[@CR47]^.

Methods of statistical analysis {#Sec10}
-------------------------------

Data were analysed using the statistical software package SPSS (version 20.0 for Windows). Descriptive statistics are presented as the mean (m) and standard deviation (±SD). Student's t-test was used to compare means of the same variables in two groups when their distribution was normal. Categorical variables were analysed using the chi-square or Fisher's exact test. To check the normality of distribution of quantitative variables, the Shapiro-Wilk test was used.

One-way analysis of variance (ANOVA) was used to compare the means of relapsing MS patients, stable MS patients and CG. To determine the significance of pairwise comparisons in one-way ANOVA, Bonferroni's post hoc test (for equal variances, Levene's test p \> 0.05) or Tamhane's test (for unequal group variances, Levene's test p \< 0.05) was used.

General linear model (GLM) repeated measures were used when assessing the data of relapsing MS patients at different time points (relapse and one and three months after relapse). Linear regression was used to assess the impact of different demographic, clinical and immunological factors on cognition.

Significance level was accepted at p \< 0.05.
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